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Genetic variation is controlled by two different mechanisms: genetic and epigenetic. Genetic 
variations are based on differences in DNA-sequences due to mutation and recombination 
events. Epigenetic variations, on the other hand, are not encoded through the nucleotide 
sequences of DNA, but rather through the chemical modification of either DNA or its 
associated proteins which results in certain genes being turned on or off. It appears that 
methylation, but also acetylation or ubiquitylation, lead to different molecular outcomes, 
resulting in phenomena such as the inactivation of the X-chromosome, genomic imprinting, or 
different types of cancer. Epigenetics will have profound effects on our understanding of 
human and environmental health by forcing us to look afresh on interactions between 
(wo)men with their natural and social environment and by adding a transgenerational, even 
evolutionary, aspect to the debate. These findings could strengthen emerging thoughts about 
sustainable and responsible care taking of our environment and consequently of our health 
through it. 
 




Even though the human genome is completely sequenced, we still cannot read the code. Until 
recently Darwinists looked in a depreciatory way at Lamarcks’ theories. Charles Darwin 
(1809-1882) postulated that evolution is based on natural selection and inheritance. Today, we 
can add gene drift and gene flow to his original postulate. Jean-Babtiste Lamarck (1744-
1829), on the other hand, suggested that every creature passes on new acquired 
characteristics. Lamarck believed that evolution was not based on random selection, but, 
instead, was goal-orientated. Today, latest research indicates that inheritance is indeed 
composed of two different mechanisms: genetic and epigenetic. Genetic variation is based on 
differences in DNA-sequences, spawned by mutation and recombination. Epigenetic is a 
dynamic, stable and partially hereditary modification of gene expression, which does not 
result from a change in DNA-sequence. Epigenetics does not focus on the sequence or the 
organisation of genes, but rather how, when and why they are turned off and on. It also 
investigates which interactions of genes lead to novel or special functions and products, and, 
ultimately, to a particular phenotype (Watters, 2006). 
 
Nutritional, environmental, chemical and physical factors have the potential to modify in 
many different ways the epigenome. Especially three genomic regions are likely to be 
involved in epigenetic changes: the promoter regions of some housekeeping genes; 
transposable elements that lie close to genes with metastable epiallele; and regulatory 
elements of imprinted genes. Epigenetic regulation arises from a number of molecular 
modifications like DNA methylation, which often takes in CpG islands. These regions of the 
DNA-strand have many cytosine-guanine base pairs. The molecular mechanisms lead to 
changes in the chromatin-packaging of DNA; to changes in regulation by non-coding RNAs, 
such as microRNAs; or to various packaging of the DNA-strand around histones. As 
methylation is stable, the attachment can even be passed on to the next generation. Chemical 
mechanisms are also possible, such as acetylation, ubiquitylation and phosphorylation. 
 
Epigenetic impacts are many. Some of the impacts reported have been the inactivation of the 
X-chromosome, genomic imprinting (one of a pair of alleles are silenced during early 
development), the development of various types of cancer, an increase of disorders after IVF 
treatment, inefficacy in cloning, and, possibly, a shortening of cellular and organismal 
viability (for review: Bjornsson et al., 2004). 
 
The impact on epigenetic factors on inheritance and disease occurrence and progression 
 
In 2000, Randy Jirtle, professor of radiation oncology at Duke University Medical Center, 
began experimenting on Agouti-mice. These rodents have the agouti-gene modification, 
which makes the mice highly susceptible to diseases such as obesity and diabetes. The mice 
also have an increased susceptibility to tumours. By changing their food intake to one that is 
high in methyl groups, the animals were found to have considerable fewer diseases. In fact, 
the offspring still had the agouti-gene, but in an innoxiously version (Dolinoy et al., 2006). 
 
Latest research points to a high correlation between epigenetic inheritance and environmental, 
nutritional, lifestyle and other socio-economic factors, such as social stress. Several scientists 
see an imprinted component in behavioural traits, as seems to be the case for the Turner or the 
Prader-Willi-syndrome. Other authors assert that autism, Alzheimer’s disease or 
schizophrenia may also result from imprinting errors during early brain development. We also 
know that many chronic diseases can be impacted by different factors, such as the influences 
exerted by several other genes, or by environmental conditions, age or nutritional status. It is 
possible that in many diseases, in particular in many types of cancers affecting seniors, the 
increasing number of methylation of ‘tumour suppressor genes’ and the dis-methylation of 
‘oncogenes’ play an important role (for review: Feinberg et al., 2004). 
 
Another example pertains to Vincozolin, an insect repellent frequently used in winegrowing. 
It is known to have toxic adverse effects on human health by inactivating hormones. Lately, a 
direct inheritable damage to fertility has been discovered, which is caused by a modification 
of DNA methylation. Other chemicals, like BPA (Bisphenol A), have been found to act by a 
hormone pathway, resulting in toxic and epigenetic consequences by slowing down normal, 
age related gene expression, because important enzymes were missing. These effects were 
thought to link to tumours in seniors, adiposity and other, hormonally influenced diseases 
(Anway et al, 2005, Vom Saal, 2007, Ho et al., 2006). 
 
Which sites are under epigenetic influence? 
 
Several new studies indicate that behaviour, such as pup licking and grooming in nurturing, is 
not inherited via genes, but handed down to the offspring directly from the mother during the 
first days of postnatal life by epigenetic means. Latest research results indicate, that this 
‘maternal programming’ is correlated to DNA methylation and histone modification of the 
NGFIA (nerve growth factor inducible protein A) transcription factor-binding motif. 
Epigenetic factors appear to be associated with changes in gene expression affecting the 
hypothalamic-pituitary-adrenal-axis and might be caused by behavioural responses to stress. 
Furthermore, epigenetic factors may influence TSA (trochostain A, a histone deacetylase 
inhibitor), which influences maternal adroitness. Early postnatal experiences may lead to 
changes in behaviour via the epigenome. Recognising these factors could result in new 
therapeutic strategies in complex diseases. 
 
A better understanding of epigenetic mechanisms could also cast a cloud over in vitro 
fertilisation, particularly in cases where the embryos are deep-frozen, defrosted at a later date 
and placed in the uterus for induction of pregnancy. Several studies report, that the Beckwith 
Widemann Syndrom (BWS), responsible for disturbances in organs and for an increased risk 
of tumours, affects test-tube babies more frequently than babies conceived naturally. BWS is 
caused by a mutation in a growth regulation gene on chromosome 11. Test tube babies are 
also more likely to be suffering from the Angelman syndrome. The risk of ectopic 
pregnancies also increases. It is possible that the defrosting-procedure interrupts early 
developmental stages, which could have their origin in epigenetic. 
 
Why did epigenetic regulation evolve? It is feasible that epigenetic regulation has some 
advantages in evolutionary terms. One theory suggests that imprinting mimics somewhat 
parthenogenesis, which results in an unfertilised egg to develop into an embryo. In these 
instances, the risk of imprinting of a few genes is smaller than the genetic vantages of sexual 
reproduction. Yet, most scientists support the conflict hypothesis, which puts the idea of 
imprinting forward as the result of a reproductive contest between the sexes, based on 
polyandry (a female has sexual contact with more than one male). The true reason behind the 
phenomena is probably a combination of evolutionary and environmental mechanisms. 
 
Research regarding the first knowable imprinted genes support the conflict hypothesis. IGF2 
(insulin-like growth factor 2) and its receptor, IGF2R, regulate mechanisms from the cell 
growth to the growth of the whole organism. When we analyse molecular biological data, 
imprinting first appeared only 180 million years ago. Imprinting of these genes does not occur 
in e.g. birds or monotremes, but in mammals which do not lay eggs, indicating that imprinting 
and being able to make epigenetic modifications to the genome may play an important role in 
speciation (Guerrero-Bosagna et al, 2005). 
 
Recent studies in mammals show that telomere- loss raises epigenetic modifications at 
telomeric and subtelomeric chromatin domains. Generally, the shortening of telomeres seems 
to play a role in the aging process, including in human aging and in tumour development. Too 
much teleomere reduction leads to a loss of vitality. Chromatin is conjoined in nucleosomes, 
which are composed of histones and DNA. Histones, which are often under epigenetic 
influence, control chromatin structure and gene expression. Admittedly, DNA is also 
influenced by epigenetic mechanisms and directs chromatin structure and gene expression as 
well. So, when telomeres reduce, chromatin compaction is also lost. New studies indicate that 
as histone acetylation increases, telomere shortening through DNA methylation decreases. As 
a result, the activity of telomerase (the enzyme is responsible for re-completing the ends of 
the DNA stand) declines. All these modifications could lead to drastic effects on gene 
expression having an effect on the aging process and on tumour growth (Benetti et al, 2007). 
 
Possible consequences for human health, environment and nutrition 
 
Epigenetics represents a huge opportunity to study an alternative pathway that explains why 
individuals respond differently to environmental signals, e.g. why do certain disease genes 
seem to affect some people more than others. The still fragmentary knowledge regarding the 
epigenetic regulatory mechanisms can form the basis for interdisciplinary collaborations with 
regards to healthcare and environmental policy. The Environmental Genome Project, for 
example, is currently working on a three phase programme. The first phase attempts to 
establish a technology for identification in order to increase the number of data sets. From this 
information, allele-disease links can be created and functional studies of allelic variants 
conducted. Animal models for disease susceptibility and dose-response relationships as well 
as risk assessment studies are also necessary. In the third phase, a diseases screening program 
of high-risk populations is scheduled. All phases are conducted by also considering possible 
ethical, legal and social impacts. 
 
When screening-tests become available, epigenetic datasets may lead to individualized 
prevention strategies, or novel ways of diagnosis and curative treatment. It is possible that 
personal predispositions to certain diseases can be tackled more successfully and in a manner 
that reduces hazards and paves the way for pharmaceuticals tailored to a particular individual. 
This knowledge could lead to a new type of biomedical industry. 
 
Nurtrition is one of the most important players in the epigenetic repertoire. For example, 
maternal diet during pregnancy is very important in fetal development. The maternal 
reproductive tract, arguable, is the environment most critical to the developing mammalian 
embryo. Gene-nutrient interactions can produce visible as well as stealth changes in 
embryonic or fetal development, but they set the stage for an adult’s susceptibility to a host of 
diseases and behavioral responses. Unlike defective genes, which are damaged for life, 
methylated genes can be demethylated. And, methyl tags that are knocked off can be regained 
via nutrients, drugs, and enriching experiences. No longer are mutant genes sought as the sole 
cause of disease. The dramatic rise in obesity, heart disease, diabetes and other conditions of 
prosperous nations are increasingly pegged as epigenetic in nature, and may well claim their 
origins in faulty embryonic development. We are, quite literally, what we eat as well as what 
our parents and even grandparents ate. In South Asia, undernutrition in one generation is 
followed by fat-laden fast foods the next. Children are set up in utero to experience an 
environment of low nutrition and find themselves in the land of plenty (Duttaroy, 2006). 
 
This understanding could lead to novel interventions with respect to nutrition. One option is to 
perhaps direct human diets towards a more vegetarian diet (Helm 2006), which could be 
supplemented or enhanced in an equally targeted way, based on our increased knowledge in 
epigenetics and how to modulate its effects. We know already that an abnormal caloric 
restriction by a prospective mother during pregnancy can have an observable effect on the 
adult phenotype of her offspring by inducing physiological changes which may lead to 
diabetic and uterine abnormalities or growth defects for at least three generations. Indications 
are that epigenetic processes may also impinge on behavior and the psychological make-up of 
an individual, such as a person’s physical, social, and cognitive competencies (Bjorklund, 
2006). Furthermore, there is evidence that toxins can lead to epigenetic disturbances of 
hormones with detrimental affects, which points towards the need for an increase in 
toxicological assessments of foods in the future. 
 
Possible consequences for society 
 
Many potential effects of epigenetic are complex and not yet well-understood. As further 
investigations are being conducted, a better understanding of the mechanisms involved could 
provide the key to improved human health. However, what is needed is cautionary, sensible 
and rational approach to scientific and normative issues that may arise. Questions might arise 
that could be similar in scope than those that were raised regarding the use of hereditary 
information connected to the Human Genome Project. How should society treat people who 
are at high risk to become ill? Will society compel individuals to take greater responsibility 
for their own well-being - especially when it becomes apparent that a simple change in diet 
could avert negative outcomes to an individual's health, or that a healthy, nutritious diet can 
result in a long and healthy life? If individuals are afflicted with avoidable illnesses, should 
society pay the cost for medication or hospitalization? 
 
When it becomes evident that toxins and other environmental agents have a damaging effect 
on the environment, and, through its food chain, a damaging effect on human health, who will 
be liable for that damage? And how can society rectify that damage? (Olden, 2000). As 
epigenetic factors impact not only on one generation, but on subsequent generations as well, 
what impact might this have on family relationships? Furthermore, if we can influence certain 
qualities through epigenetic means, will we one day decide which qualities we intend to 
improve, and which ones we want to suppress? What will the impact and outcome of such 
control and interference be? How important will society regard autonomy and respect for 
person? 
 
There is a related, but different aspect to epigenetics, which links the environment and 
sustainability to human flourishing and the common good. The common good pertains to 
those goods that serve all of us, not just a particular individual, institution, or society. 
Contributions to the common good often do not offer immediate and tangible benefits, but we 
regard them as 'the right thing to do'. It provides a rationale for parents looking after their 
children and other family members; it provides the basis for sacrificing present pleasures in 
exchange for making provisions for the future; it provides nourishment in times of conflict; 
and, applied to our topic, it provides a vision for environmental health and sustainability. 
Lastly, it provides the interconnectedness between humanity and life in general. It is built on 
relationships, on respect for person, integrity, solidarity, justice and an ethics of care. 
 
It is feasible, that a better experience of epigenetic mechanisms will have a profound effect on 
society and the understanding of evolutionary mechanisms. Interactions between adaptative 
and selective processes have been explained in the model of recursive causality as defined in 
Rupert Riedl’s systems theory of evolution. One of the main features of this theory also 
termed as theory of evolving complexity is the centrality of the notion of ‘recursive’ or 
‘feedback’ causality, ‘the idea that every biological effect in living systems, in some way, 
feeds back to its own cause’. ‘Recursive” or ’feedback’ causality may provide a model for 
explaining the consequences of interacting genetic and epigenetic mechanisms (Haslberger et 
al., 2006) 
 
A bottom line is that all interferences effecting epigenetics are able to alter gene expression 
and change the phenotype by modifying the epigenome. In order to avoid detrimental 
outcomes for human and environmental health, many factors have to be considered. Rather 
than pursuing reparatory concepts, a change in our behaviour (by simply eating a better diet 
and exposing us and our environment to less stress) could lead to marked improvements in 





Anway, M.D., cupp, A.S., Uzumcu, M. And Skinner, M.K. (2005). Epigenetic transgenerational actions of 
endocrine disruptors and male fertility. Science, 308: 1466-1469. 
 
Benetti, R., Garcia-Cao, M., Blasco, M. A., (2007). Telomere lenth regulates the epigenetic status of mammalian 
telomeres and subtelomeres. Nature genetics 39: 243 – 250. 
 
Bjorklund, D.F., (2006). Mother knows best: Epigenetic inheritance, maternal effects and the evolution of human 
intelligence. Developmental Review 26: 213-242. 
 
Bjornsson, H.T., Fallin, M.D. and Feinberg, A.P. (2004). An integrated epigenetic and genetic approach to 
common human disease. Trends in Genetics 20: 350-358. 
 
Dolinoy, D.C., Weidman, J.R. and Jirtle, R.L. (2007). Epigenetic gene regulation: Linking early developmental 
environment to adult disease. Reprod. Toxicol 23: 297-307. 
 
Duttaroy, A.K. (2006). Evolution, Epigenetics, and Maternal Nutrition. Darwins Day Celebration. 
 
Feinberg, A.P.and Tycko, B. (2004). The history of cancer epigenetics. Nature Reviews 4: 1-9. 
 
Guerrero-Bosagna, C., Sabat, P. and Valladares, L. (2005). Environmental signaling and evolutionary change: 
can exposure of pregnant mammals to environmental estrogens lead to epigenetically induced evolutionary 
changes in embryos? Evolution and Development 7: 341-350. 
 
Haslberger, A., Varga, F. and Karlic, H. (2006). Recursive causality in evolution: a model for epigenetic 
mechanisms in cancer development. Med Hypotheses 67: 1448-1454. 
 
Helms, M. (2004). Food sustainability, food security and the environment. British Food Journal 106, 380-387. 
 
Ho, S.M., Tang, W.Y., Belmonte de Frausto, J. and Prins, G.S. (2006). Developmental exposure to estradiol and 
biphenol A increases susceptibility to prostate carcinogenesis and epigenetically regulates phosphodiesterase 
type 4 variant 4. Cancer Research 66: 5624-5632. 
 
Jirtle, R. L., Skinner, M. K. (2007). Environmental epigenomics and disease susceptibility. Nat. Rev. Genet 8: 
253 – 262. 
 
Jirtle, R. L. and Weidman, J. R. (2007). Imprinted and More Equal. American Scientist: 143 – 149. 
 
Olden, K. and Wilson, S. (2000). Environmental health and genomics: vision and implications. Nature Reviews 
1: 149 – 153. 
 
Vom Saal, F. (2007). Environmental Health News. ‘Fetal exposure to Common Chemicals Can Activate 
Obesity’, 02.2007. http://www.ens.-newswire.com/ens/feb2007/2007-02-16-02.asp 
 
Watters, E. (2006). Discovermagazine. ‘DNA is not destiny’. 11.2006. 
http://www.geneimprint.com/media/pdfs/1162334912_fulltext.pdf 
 
 
